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(PLO·V IDWKHU RZQHG D EUHZHU\ RI FRXUVH




1.1 From everyday life to microorganisms to organic chemistry and back again
7KH DGYHQW RI ´FLYLOL]DWLRQµ LV PDUNHG E\ YDULRXV ZD\V WKDW PDQ OHDUQHG WR XVH DQG
FRQWURO 1DWXUH 2QH YHU\ LPSRUWDQW DVSHFW LV WKH XVH RI PLFURRUJDQLVPV IRU IRU
H[DPSOH EUHZLQJ EDNLQJ DQG FKHHVH PDNLQJ 7KH SDVW WZR FHQWXULHV KDV VHHQ WKH
UHFRJQLWLRQ RI WKH H[LVWHQFH RI PLFURRUJDQLVPV D GHILQLWLRQ RI ZKDW WKH\ DUH DQ
XQGHUVWDQGLQJ RI WKH FKHPLVWU\ WKH\ FDUU\ RXW DQG ILQDOO\ WR UHDFK WKH VWDJH IRU WKLV
WKHVLV WKH XVH RI PLFURRUJDQLVPV DQG WKH HQ]\PHV WKDW WKH\ FRQWDLQ IRU QHZ
SXUSRVHV
7UDGLWLRQDOO\ 3DVWHXU LV FRQVLGHUHG WKH ILUVW  WR KDYH SHUIRUPHG DQ
HQDQWLRVHOHFWLYH UHDFWLRQ XVLQJ D PLFURRUJDQLVP EXW SUREDEO\ D PRUH UDWLRQDO
DSSURDFK WR WKHLU XVH ZDV WDNHQ E\ (PLO )LVFKHU )LVFKHU SXEOLVKHG D VHULHV RI SDSHUV
RQ UHDFWLRQV XVLQJ \HDVWV ZKLFK JR IXUWKHU LQWR WKH PHFKDQLVWLF DQG FKHPLFDO DVSHFWV>D@
XQGHUO\LQJ WKHVH ¶IHUPHQWDWLRQV· )LVFKHU QRWHV WKDW WKH FKHPLFDO V\QWKHVLV RI VXJDUV
IURP IRUPDOGHK\GH LQYDULDEO\ OHDGV WR RSWLFDOO\ LQDFWLYH SURGXFWV ZKHUHDV VXJDUV WKDW
DUH LVRODWHG IURP SODQWV DUH RSWLFDOO\ DFWLYH ´,VW GLH %HUHLWXQJ RSWLVFK DFWLYHU
6XEVWDQ]HQ HLQ 9RUUHFKW GHV OHEHQGHQ 2UJDQLVPXV ZLUNW KLHU HLQH EHVRQGHUH 8UVDFKH
HLQH $UW YRQ /HEHQVNUDIW" ,FK JODXEH HV QLFKW XQG QHLJH YLHOPHKU ]X GHU $QVLFKW GDVV
QXU GLH 8QYROOVWlQGLJNHLW XQVHUHU .HQWQLVVH GHQ 6FKHLQ GHV :XQGHUEDUHQ LQ GLHVHQ
9RUJDQJ KLQHLQWUlJWµ
,W VHHPHG WKDW WKHVH PLFURRUJDQLVPV FRXOG ZRUN PLUDFOHV DQG DW VRPH WLPH LW ZDV
WKRXJKW WKDW SHUKDSV HYHU\ FRPSRXQG FRXOG EH SUHSDUHG LQ D ELRV\QWKHWLF ZD\ ,W ZDV
WKLV RYHUHVWLPDWLRQ RI WKH FDSDELOLWLHV RI PLFURRUJDQLVPV WKDW OHG WKH SRO\PDWK -%6
+DOGDQH LQ  WR HQTXLUH µ:K\ WURXEOH WR PDNH FRPSRXQGV \RXUVHOI ZKHQ D EXJ>E@


























3UREDEO\ WKH ILUVW LQGXVWULDO XVH RI PLFURRUJDQLVPV LV WKH SURGXFWLRQ RI DFHWRQH DQG
EXWDQRO IURP VWDUFK XVLQJ &ORVWULGLXP EXW\ULFXP 7KLV SURFHVV ZDV GHYLVHG LQ 
E\ &KDLP :HL]PDQQ ODWHU WKH ILUVW SUHVLGHQW RI ,VUDHO $QRWKHU PDMRU EUHDNWKURXJK
ZDV WKH %HHFKDP SURFHVV IRU WKH SURGXFWLRQ RI $PLQRSHQLFLOODQLF DFLG
Box 1
,W KDV ORQJ EHHQ FRQVLGHUHG WKDW DOO FDWDO\WLF DFWLYLW\ LQ QDWXUH DULVHV IURP
HQ]\PHV ,Q WKH HDUO\ 
V H[FHSWLRQV WR WKLV UXOH ZHUH IRXQG  )RU
LQVWDQFH ULERVRPDO 51$ RI 7HWUDK\PHQD WKHUPRSKLOD DFWV DV DQ 51$
SRO\PHUDVH  $W D KLJKHU S+ WKH VDPH 51$ DFWV DV D VHTXHQFHVSHFLILF
ULERQXFOHDVH 7KH N LV FRPSDUDEOH WR WKDW RI RUGLQDU\ ULERQXFOHDVHFDW
HQ]\PHV DQG WKHUHIRUH WKHVH VSHFLHV KDYH EHHQ GXEEHG ´ULER]\PHVµ ,Q
DQ HDUO\ PRGHO LW ZDV SRVWXODWHG WKDW WKH 51$ VWUDQG VHUYHV DV D WHPSODWH
WR ZKLFK FRPSOHPHQWDU\ 51$ FDQ ELQG $ SHQGDQW IXQFWLRQDO JURXS DFWV
DV D QXFOHRSKLOH WR IRUP D FRYDOHQW LQWHUPHGLDWH WKDW ODWHU GLVLQWHJUDWHV
LQWR WKH SURGXFWV 5LER]\PHV DUH SUHVHQWO\ EHLQJ VWXGLHG LQ FRQQHFWLRQ
ZLWK +,9WUHDWPHQW
1.2.1 Enzymes in Industry
3HUIRUPLQJ UHDFWLRQV RQ D ODERUDWRU\ VFDOH LV RQH WKLQJ SHUIRUPLQJ WKHP RQ
LQGXVWULDO VFDOH TXLWH DQRWKHU ,QGXVWULDO HQ]\PHV FDQ URXJKO\ EH GLYLGHG LQWR WKUHH
JURXSV 7DEOH  1RW HYHU\ W\SH RI HQ]\PH FDQ EH XVHG HDVLO\ ,W LV JHQHUDOO\
FRQVLGHUHG WKDW FRIDFWRUGHSHQGHQW HQ]\PHV DUH GLIILFXOW WR XVH LQ D FRPPHUFLDO
SURFHVV XQOHVV WKH DGGHG YDOXH RI WKH HQG SURGXFW LV H[WUHPHO\ KLJK 3RVVLEOH XVH RI WKH
HQ]\PH GHSHQGV RQ WKH VSHFLILF FRIDFWRU DQG LQ VRPH FDVHV YHU\ LQWULFDWH UHJHQHUDWLRQ
VFKHPHV DUH XVHG
Table 1 7KH WKUHH W\SHV RI HQ]\PHV
7\SH &ODVV H[DPSOHV &RIDFWRU
(Q]\PHV QRW UHTXLULQJ (VWHUDVH /LSDVH 3/( )UXFWRVH 1RQH
FRIDFWRUV $PLGDVH /\DVH GLSKRVSKDWH DOGRODVH
$OGRODVH ,VRPHUDVH *OXFDP\ODVH
(Q]\PHV UHTXLULQJ 0RQR[\JHQDVH +RUVHUDGLVK SHU )ODYLQV 3\ULGR[DO
FRIDFWRUV EXW QR 7UDQVDPLQDVH R[LGDVH SKRVSKDWH 0HWDO
UHJHQHUDWLRQ V\VWHP LRQV
(Q]\PHV UHTXLULQJ $ERXW  RI DOO $OFRKRO $73 1$'+
DGGHG FRIDFWRUV HQ]\PHV GHK\GURJHQDVH
,Q 7DEOH  WKH PRVW XVHG LQGXVWULDO HQ]\PHV DUH VKRZQ 7KH GHWHUJHQW LQGXVWU\
DFFRXQWV IRU WKH ELJJHVW XVHSURGXFWLRQ IROORZHG E\ WKH VWDUFK GDLU\ WH[WLOH DQG
DOFRKRO LQGXVWULHV 3KDUPDFHXWLFDO LQGXVWULHV SURGXFLQJ VSHFLDOW\ FKHPLFDOV DUH QRW
PDMRU SOD\HUV LQ WKLV ILHOG DOWKRXJK PRUH DQG PRUH HQ]\PDWLF SURFHVVHV KDYH EHHQ
FRPPHUFLDOL]HG LQ WKH SDVW IHZ \HDUV
Table 2 :RUOGZLGH HQ]\PH VDOHV LQ    
(Q]\PH 6DOHV
3URWHDVH H[FHSW SDSDLQ DQG UHQQHW 








1.2.2 Chirality and the Pharmaceutical Industry
7KH LPSRUWDQFH RI FKLUDOLW\ LQ OLIH QHHGV KDUGO\ DQ\ LQWURGXFWLRQ 7KH DZDUHQHVV WKDW
GLIIHUHQW VWHUHRLVRPHUV FDQ KDYH GUDVWLFDOO\ GLIIHUHQW HIIHFWV LQ WKH FKLUDO HQYLURQPHQW
WKDW RXU ERG\ LV LV UDWKHU ROG 7KDW QRW DOZD\V ERWK HQDQWLRPHUV RI D FKLUDO GUXJ KDYH
0RVW RIWHQ FDOOHG ´QRQQDWXUDO DPLQR DFLGVµ WKRXJK LW LV PRUH SURSHU WR VSHDN RI
´QRQSURWHLQRJHQLFµ DPLQR DFLGV )RU LQVWDQFH 'DODQLQH LV D FRQVWLWXHQW RI EDFWHULDO
FHOO PHPEUDQHV

WKH GHVLUHG WKHUDSHXWLF HIIHFW KDV EHHQ DQG LV H[WHQVLYHO\ GHVFULEHG LQ OLWHUDWXUH
+RZHYHU RQO\ LQ  GLG WKH )'$ DQQRXQFH D ´3ROLF\ 6WDWHPHQW IRU WKH 'HYHORSPHQW
RI 1HZ 6WHUHRLVRPHULF 'UXJVµ SURGXFHUV PXVW HYDOXDWH WKH SKDUPDFRNLQHWLFV RI HDFK
HQDQWLRPHU VHSDUDWHO\ $V D FRQVHTXHQFH RI WKHVH PRUH VWULQJHQW UHJXODWLRQV WKH
PDUNHW IRU HQDQWLRPHULFDOO\ SXUH GUXJV LV HYHU LQFUHDVLQJ &KLUDO V\QWKHWLF GUXJV PDNH
XS  RI WKH PDUNHW VKDUH DQG  RI WKHVH DUH VROG DV VLQJOH HQDQWLRPHUV  $JDLQ
 RI WKLV JURXS REWDLQHG LWV RSWLFDO DFWLYLW\ YLD FODVVLFDO UHVROXWLRQ DW VRPH VWHS LQ
LWV SURGXFWLRQ ,W VHHPV WKDW WKHUH LV D PDUNHW VKDUH WR EH FRQTXHUHG E\ PDNLQJ XVH
RI HQ]\PDWLF SURFHVVHV $V ZLOO EH GHVFULEHG LQ WKH QH[W VHFWLRQV '60 DW *HOHHQ 7KH
1HWKHUODQGV LV DFWXDOO\ GRLQJ MXVW WKDW
1.2.3 The DSM process for amino acids
$PLQR DFLGV DQG WKHLU GHULYDWLYHV DUH EHFRPLQJ LQFUHDVLQJO\ LPSRUWDQW DV LQWHU
PHGLDWHV IRU WKH SURGXFWLRQ RI SKDUPDFHXWLFDOV DQG DJURFKHPLFDOV '60 *HOHHQ KDV
KDG D ORQJ VWDQGLQJ LQWHUHVW LQ WKLV FODVV RI FRPSRXQGV DQG WKHLU UHVHDUFK HIIRUWV KDYH
OHG WR D FRPPHUFLDO SURFHVV 7KLV SURFHVV ZKLFK KDV EHHQ LQ RSHUDWLRQ VLQFH 
LQYROYHV HQ]\PDWLF K\GURO\VLV RI D UDFHPLF DPLQR DFLG DPLGH WR WKH HQDQWLRPHULFDOO\
SXUH DFLG 7KH UHVLGXDO DPLGH FDQ WKHQ EH UDFHPL]HG DQG DGGHG WR WKH UHDFWRU IHHG
DJDLQ 7KH FRUQHUVWRQH LQ WKLV SURFHVV LV WKH PLFURRUJDQLVP XVHG D 3VHXGRPRQDV
SXWLGD VSHFLHV 7KH DEVROXWH VWHUHRVHOHFWLYLW\ RI 3VHXGRPRQDV SXWLGD $7&& 
HQVXUHV D KLJK \LHOG RI DFLG DQG D FOHDQ DPLGH WKDW FDQ HDVLO\ EH SURFHVVHG IXUWKHU ,Q
6FKHPH  UHF\FOH A LV XVHG ZKHQ WKH 'LVRPHU LV SUHIHUUHG RWKHUZLVH UHF\FOH B LV
XVHG
7KH /αDPLQR DFLG LV REWDLQHG GLUHFWO\ DQG WKH SURFHVV FiQ EH DGMXVWHG WR WKH
TXDQWLWDWLYH SURGXFWLRQ RI WKH yWKHU HQDQWLRPHU WKRXJK WKLV LQYROYHV D IHZ H[WUD
UHDFWLRQ VWHSV 7KH UHOD[HG VXEVWUDWH VSHFLILFLW\ RI WKH 3 SXWLGD DPLGDVH DOORZV IRU D
JUHDW QXPEHU RI GLIIHUHQW DPLQR DPLGHV WR EH K\GURO\]HG JLYLQJ QDWXUDO DQG DOVR QRQ






























































Scheme 1 7KH '60 SURFHVV IRU SURGXFWLRQ RI DPLQR DFLGV
Scheme 2
1.2.4 Mycobacterium neoaurum
,Q QDWXUH PDQ\ QDWXUDO SURGXFWV FRQWDLQ αDON\O
VXEVWLWXWHG DPLQR DFLGV )RU LQVWDQFH WKH F\WRWR[LF SHSWLGH
0LUDED]ROH & FDQ EH GHJUDGHG WR 5PHWK\OF\VWHLQH
LQGLFDWLQJ WKDW LW LV ELRV\QWKHVL]HG IURP WKLV XQXVXDO DPLQR
DFLG ,Q IDFW WKH WRWDO V\QWKHVLV RI WKLV FRPSRXQG KDV EHHQ
DFKLHYHG VWDUWLQJ IURP 5PHWK\OF\VWHLQH ,Q 6FKHPH 






















Scheme 3: 7ZR PRUH H[DPSOHV RI LPSRUWDQW QRQQDWXUDO
DPLQR DFLGV DQG WKHLU XVH
PDWLRQDO DQDORJXHV RI ELRORJLFDOO\ DFWLYH SHSWLGHV αDON\OVXEVWLWXWHG DPLQR DFLGV FDQ
EH XVHG DV HQ]\PH LQKLELWRUV DJRQLVWV RU DQWDJRQLVWV RI UHFHSWRUV HWFHWHUD :KHQ α
DON\ODWHG DPLQR DFLGV DUH LQFRUSRUDWHG LQWR SURWHLQV WKH\ FDQ KHOS WR LPSURYH WKH
VHOHFWLYLW\ RU VWDELOLW\ RI WKH PRGLILHG HQ]\PH
'60 KDV GHYHORSHG D PRGLILFDWLRQ RI WKH 3VHXGRPRQDV SXWLGDSURFHVV WR SURGXFH
WKHVH αDON\ODWHG DPLQR DFLGV $IWHU VFUHHQLQJ RI D KRVW RI PLFURRUJDQLVPV
0\FREDFWHULXP QHRDXUXP $7&&  ZDV IRXQG WR K\GURO\]H αDON\O DPLQR DPLGHV
VWHUHRVHOHFWLYHO\ WR WKH DFLG -XVW DV ZLWK 3VHXGRPRQDV SXWLGD WKLV FRQYHUVLRQ FDQ EH
HPSOR\HG LQ WKH SURGXFWLRQ RI ERWK ' DQG /αDON\ODWHG DPLQR DFLGV DOWKRXJK KHUH
WKH UDFHPL]DWLRQUHF\FOH LV QRW SRVVLEOH ,Q 6FKHPH  WZR PRUH H[DPSOHV RQH
SKDUPDFHXWLFDO DQG RQH DJURFKHPLFDO DUH VKRZQ WKDW UHO\ RQ WKH DPLGDVH WHFKQRORJ\
6RPH UHVWULFWLRQV KDYH WR EH PHQWLRQHG KHUH ,I WKH αDON\O JURXSV EHFRPH WRR ODUJH
HQ]\PH DFWLYLW\ GURSV GUDPDWLFDOO\ $GGLWLRQDOO\ WKH αDPLQR JURXS PD\ QRW EH
IXQFWLRQDOL]HG DQG LI LW LV FKDQJHG LQWR D K\GUR[\ JURXS DOO DFWLYLW\ LV ORVW $ QHZ
HQ]\PH WKDW FRXOG E\SDVV WKHVH UHVWULFWLRQV LV EHLQJ VRXJKW $V ZLOO EH GHVFULEHG LQ WKH
QH[W VHFWLRQV WKLV VHDUFK KDV EHHQ VXFFHVVIXO
1.3.1 A short course on microbiology: classification of microorganisms
$ GLVWLQFWLRQ KDV WR EH PDGH EHWZHHQ FODVVLILFDWLRQ DQG LGHQWLILFDWLRQ $Q












'DPLGH / PDQGHOLF DFLGUDFHPLF
PDQGHOLF DFLG DPLGH
 1+
6LPSO\ VWDWHG ZKHQ LV D WHVW UHDFWLRQ SRVLWLYH RU QHJDWLYH
,QWHUQDO VWUDLQ QXPEHU XVHG DW '60 5HVHDUFK

Scheme 4: 0DQGHOLF DFLG DPLGH DV QLWURJHQ VRXUFH LQ FXOWLYDWLRQ RI FHOO EURWK
WKDW LV UHFRJQL]HG DV EHLQJ GLIIHUHQW IURP RWKHU RUJDQLVPV &ODVVLILFDWLRQ PD\ EH GRQH
RQ WKH EDVLV RI WKH '1$ FRQWHQW RI WKH FHOO YLD '1$ K\EULGL]DWLRQ RU '1$ KRPRORJ\
WHVWV RU E\ VRPH RWKHU SURFHGXUH ,GHQWLILFDWLRQ FDQ EH GRQH RQ WKH EDVLV RI WKH
SKHQRW\SH LI WKDW LV IRXQG WR FRUUHODWH ZHOO ZLWK WKH JHQHWLF LQIRUPDWLRQ 7KLV PD\ VHHP
WULYLDO EXW ZLWK PDQ\ JHQHUD DQG VSHFLHV WKH LGHQWLILFDWLRQ FDQQRW HDVLO\ EH GRQH
EDVHG RQ MXVW D IHZ WHVWV 1RUPDOO\ D KRVW RI WHVW UHDFWLRQV DQG H[SHULPHQWV KDV WR EH
SHUIRUPHG WR DFKLHYH XQLTXH LGHQWLILFDWLRQ 7KH QHZHVW WHFKQRORJ\ IRU LGHQWLILFDWLRQ
LV EDVHG RQ WKH GHWHFWLRQ RI D VSHFLILF SRUWLRQ RI DQ RUJDQLVP·V JHQHWLF PDWHULDO $
SUREH FRQVLVWV RI D VPDOO SLHFH RI '1$ WKDW KDV D QXFOHRWLGH VHTXHQFH XQLTXH WR D
SDUWLFXODU VSHFLHV RU JHQXV RI EDFWHULD ,I WKH RUJDQLVP KDV '1$ WKDW LV FRPSOHPHQWDU\
WR WKLV 3UREH'1$ LW ZLOO ELQG WR WKH SUREH ZKLFK FDQ EH DQDO\]HG VSHFWURVFRSLFDOO\
1.3.2 Problems with classification
$V WKH FHOO JURZV LWV '1$ DQG SURWHLQ FRQWHQW FKDQJHV FRQWLQXDOO\ GHSHQGLQJ RQ
WKH JURZWK SKDVH $OVR WKH FLUFXPVWDQFHV XQGHU ZKLFK WKH RUJDQLVP LV DOORZHG WR
JURZ KDV VHULRXV HIIHFW RQ WKH FHOO
V FRQWHQW $QRWKHU SUREOHP LV WKDW WKH UHVXOWV
REWDLQHG LQ FKDUDFWHUL]DWLRQ WHVWV FDQ YDU\ SHU ODERUDWRU\ DQG WKHUHIRUH WKH SDUWLFXODU>D@
FRQGLWLRQV HPSOR\HG LQ LQFXEDWLRQ KDYH WR EH PHQWLRQHG DORQJ ZLWK WKH H[DFW PHWKRG
RI FODVVLILFDWLRQ
1.4.1 Isolation of a new amide-hydrolyzing microorganism
)URP D SRRO RI  PLFURRUJDQLVPV VSHFLHV $ ZDV FKRVHQ IRU LWV IDVW DQG>E@
FRPSOHWHO\ HQDQWLRVHOHFWLYH K\GURO\VLV RI PDQGHOLF DFLG DPLGH 0$$ 6FKHPH  7KH
7KH TXRWDWLRQ PDUNV LQGLFDWH WKDW DIWHU D UHFODVVLILFDWLRQ DOO VSHFLHV ZHUH UHPRYHG
IURP WKLV JURXS OHDYLQJ LW HPSW\ DQG REVROHWH

EDFWHULXP LV FXOWLYDWHG LQ D PHGLXP FRQWDLQLQJ /0$$ DV VROH QLWURJHQ VRXUFH ,W ZDV
VKRZQ WKDW WKH PLFURRUJDQLVP ZDV DEOH WR K\GURO\]H PDQGHOLF DFLG DPLGH D K\GUR[\
DPLGH DV ZHOO DV D EURDG UDQJH RI DPLQR DFLG DPLGHV ZLWK H[FHOOHQW LI QRW SHUIHFW
VWHUHRVHOHFWLYLW\ K\GURO\]LQJ RQO\ WKH /HQDQWLRPHU WR WKH FRUUHVSRQGLQJ DFLG
1.4.2 Classification of 99A: Ochrobactrum anthropi
7D[RQRPLF FKDUDFWHUL]DWLRQ RI VWUDLQ $ LQGLFDWHG WKDW WKH PLFURRUJDQLVP LV
2FKUREDFWUXP DQWKURSL DQG LW ZDV DVVLJQHG WKH FDWDORJXH QXPEHU 1&,0% 
2FKUREDFWUXP DQWKURSL LV D PHPEHU RI &DWHJRU\ , (XEDFWHULD *URXS  6XEJURXS D
,W LV D *UDPQHJDWLYH DHURELF URG PRVWO\ IRXQG LQ KXPDQ FOLQLFDO VSHFLPHQV 7KH
JHQXV ZDV FUHDWHG LQ  E\ +ROPHV DQG LW LQFOXGHV RQO\ RQH VSHFLHV )RUPHUO\
2FKUREDFWUXP DQWKURSL ZDV NQRZQ DV ´$FKURPREDFWHU VSµ DQG FODVVLILHG LQWR ´&'&
*URXS 9Gµ LQGLFDWLQJ WKH DIRUHPHQWLRQHG WURXEOHV LQ LGHQWLILFDWLRQ 7KH RUJDQLVP>D@ 
LV PLOGO\ SDWKRJHQLF DQG LV PHQWLRQHG LQ UHODWLRQ WR FDWKHWHUDVVRFLDWHG VHSVLV
Box 2
2FKUREDFWUXP DQWKURSL KDV EHHQ LVRODWHG IURP FOLQLFDO VSHFLPHQV DV ZHOO
DV IURP HQYLURQPHQWDO DQG KRVSLWDO ZDWHU VRXUFHV ,W PD\ WKHUHIRUH RFFXS\
WKH VDPH PLFURELDO QLFKH DV 3VHXGRPRQDV VS WR ZKLFK LW VKRZV UHVHP
EODQFH 7KH RUJDQLVP LV UHVLVWDQW DJDLQVW TXLWH D IHZ DQWLPLFURELDO DJHQWV
LQFOXGLQJ DPSLFLOOLQ FHSKDORVSRULQV FKORUDPSKHQLFRO VWUHSWRP\FLQ DQG
SHQLFLOOLQ * $ FRPELQHG DGPLQLVWUDWLRQ RI WULPHWKRSULP VXOIDPHWKR[D
]ROH DQG DPLNDFLQ LV HIIHFWLYH LQ NLOOLQJ WKH PLFUREH ,URQLFDOO\ WKLV EURDG
UHVLVWDQF\ FDQ EH XVHG LQ D SURSHU FKDUDFWHUL]DWLRQ RI WKH VSHFLHV
7R PDNH PDWWHUV PRUH FRQIXVLQJ HDFK LVRODWHG VWUDLQ KDV GLIIHUHQW VXVFHSWLELOLWLHV
WR DQWLELRWLFV DQG KDV GLIIHUHQW FDSDELOLWLHV )RU LQVWDQFH 2FKUREDFWUXP DQWKURSL $7&&
 LV XVHG IRU ELRGHJUDGDWLRQ RI K\GURFDUERQV 6&5&  LV XVHG IRU WKH
K\GURO\VLV RI HVWHUV 'DPLGHV DQG VPDOO SHSWLGHV LW FRQWDLQV D 'DPLQRSHSWLGDVH
$QRWKHU VWUDLQ LVRODWHG E\ WKH 6DJDPL &KHPLFDO 5HVHDUFK &HQWHU 6&5& 69 KDV '
DPLGDVH DFWLYLW\ 7RPLQDJD DQG FRZRUNHUV GHVFULEH WKH SXULILFDWLRQ RI D FDUER[\O
Scheme 5: *UDSK VKRZLQJ WKH WHPSHUDWXUH VWDELOLW\
RI '/0$$ K\GURO\VLV DFWLYLW\
HVWHUDVH IURP D QRW IXUWKHU GHVFULEHG 2FKUREDFWUXP DQWKURSL VWUDLQ  ,W VSHFLILFDOO\
K\GURO\]HV /PHQWK\O DFHWDWH )LQDOO\ VWUDLQ 1&,0%  FRQWDLQV DQ /DPLGDVH
&OHDUO\ IRU V\QWKHWLF SXUSRVHV WKH GLIIHUHQW VWUDLQV RI 2 DQWKURSL PXVW QRW EH
FRPSDUHG ZLWK HDFK RWKHU 7KH VSHFLILF FRQGLWLRQV XVHG GXULQJ HQULFKPHQW DQG
LVRODWLRQ DFFRXQW IRU VSHFLILF RUJDQLVPV EHLQJ LVRODWHG WKRXJK WKLV LV QRW OLNHO\ WKH
UHDVRQ IRU WKH GLIIHUHQW HQDQWLRVHOHFWLYLW\ ,I RQH JHWV WKH FRQGLWLRQV ZURQJ RQH HQGV
XS ZLWK D PLFURRUJDQLVP WKDW LV RI QR XVH RU RQH PD\ RYHUORRN LQWHUHVWLQJ SURSHUWLHV
RI DQ RUJDQLVP $ UHVXOW RI WKLV LV WKDW LW ZLOO EH YHU\ KDUG IRU ZRUNHUV LQ D GLIIHUHQW
ODERUDWRU\ WR UHSHDW VFUHHQLQJ H[SHULPHQWV ZKHQ WKH\ KDYH QR NQRZOHGJH RI VSHFLILF
JURZWK FLUFXPVWDQFHV DQG KDYH RQO\ REWDLQHG WKH PLFURRUJDQLVP IURP D FXOWXUH
FROORFWLRQ
1.4.3 Specificity of Ochrobactrum anthropi 
7KH RSWLPDO UHDFWLRQ FRQGLWLRQV IRU WKH K\GURO\VLV RI PDQGHODPLGH XVLQJ D ZKROH FHOO
SUHSDUDWLRQ KDYH EHHQ GHWHUPLQHG )URP WKRVH H[SHULPHQWV LW IROORZHG WKDW WKLV
PLFURRUJDQLVP LV YHU\ WROHUDQW LQGHHG 7HPSHUDWXUH GHSHQGHQW K\GURO\VHV VKRZ D
WHPSHUDWXUH RSWLPXP DW DERXW  & EXW VHULRXV GHDFWLYDWLRQ RQO\ WDNHV SODFH DIWHU
LQFXEDWLQJ IRU WZR KRXUV DW  & 7KH S+ RSWLPXP OLHV DW DERXW S+  EXW VWLOO HYHQ
PRUH WKDQ  RI WKH DFWLYLW\ UHPDLQV DW S+  ,Q 6FKHPHV  DQG  D JUDSKLF













































Scheme 6 7KH S+ SURILOH RI '/0DQGHODPLGH K\GURO\VLV 'LIIHUHQW EXIIHUV
DUH XVHG WR REWDLQ WKH ULJKW S+ DQG WKHUHIRUH WKH JUDSK LV QRW IOXHQW
7KH WROHUDQFH LQ UHDFWLRQ FRQGLWLRQV LV DOVR UHIOHFWHG LQ WKH UDQJH RI VXEVWUDWHV WKDW
FDQ EH VWHUHRVHOHFWLYHO\ K\GURO\]HG ZLWK 2FKUREDFWUXP DQWKURSL 1&,0%  ,Q
6FKHPH  D VKRUW VXUYH\ JLYLQJ D JHQHUDO LPSUHVVLRQ LV JLYHQ 6LPSOH DPLGHV OLNH
DFHWDPLGH DQG SKHQ\ODFHWDPLGH DUH QR VXEVWUDWHV IRU WKH HQ]\PH $OVR WKHUH LV QR
HVWHUDVH DFWLYLW\





































1.5 Ochrobactrum anthropi versus Ps. putida and M. neoaurum
&XUUHQWO\ '60 KDV WKH WHFKQRORJ\ IRU WKH SURGXFWLRQ RI DPLQR DFLGV RI DOO NLQGV
7KH DPLGDVH HQ]\PHV RI DOO WKUHH PLFURRUJDQLVPV KDYH EHHQ LVRODWHG DQG SXULILHG
,Q 6FKHPH  D VFKHPDWLF FRPSDULVRQ LV PDGH EHWZHHQ WKH WKUHH DPLGDVH HQ]\PHV
,W LV FOHDU WKDW 2FKUREDFWUXP DQWKURSL LV QRW UHYROXWLRQDU\ LQ
LWV K\GURO\VLV RI αDPLQR DPLGHV 7KH DGGHG YDOXH OLHV LQ LWV
UHOD[HG S+ SURILOH DQG LQ LWV DELOLW\ WR K\GURO\]H αK\GUR[\
DFLGV $V KDV EHHQ PHQWLRQHG HDUOLHU RQH RI WKH WZR α
IXQFWLRQDOLWLHV PXVW QRW EH WRR ODUJH LI 0\FREDFWHULXP LV XVHG DV
WKH VROXELOLW\ RI WKH VXEVWUDWH EHFRPHV D SUREOHP WRR ,Q WKDW
FDVH 2FKUREDFWUXP FDQ EH XVHG XQGHU PRUH DFLGLF FRQGLWLRQV
ZKHUH WKH VROXELOLW\ RI DPLQR DFLGV LV KLJKHU +\GURO\VLV RI α
PHWK\OGLFKORURSKHQ\ODODQLQH DW S+  ZLWK 2FKUREDF
WUXP LV D NH\ VWHS LQ WKH V\QWKHVLV RI 6&HULFODPLQH
7KLV LV DSWO\ GHVFULEHG E\ WKH FKDLUPDQ RI WKH ,23 3URJUDPPH &RPPLWWHH DV NHQQHQ
RP WH NXQQHQ

1.6 Parallel research at DSM Laboratories
'XULQJ WKH \HDUV RI RXU LQYHVWLJDWLRQV PRUH EHFDPH NQRZQ DERXW 2FKUREDFWUXP
DQWKURSL 7KH JURZWK LQGXFHUV DUH GRLQJ WKHLU MRE SURSHUO\ DQG FRQVHTXHQWO\ WKH
HQ]\PH LV EURXJKW WR D KLJK OHYHO RI H[SUHVVLRQ XQGHU WKHVH FXOWLYDWLRQ FRQGLWLRQV 7KH
DPLGDVH HQ]\PH KDV EHHQ LVRODWHG IURP WKH FHOO DQG SXULILHG IROG ZLWK D \LHOG RI
 RI WKH WRWDO DFWLYLW\ 7KH SURSHUWLHV RI WKH SXULILHG DPLGDVH HQ]\PH DUH VKRZQ LQ
7DEOH  1R IXUWKHU GHWDLOV DERXW WKH VHFRQGDU\ DQG WHUWLDU\ VWUXFWXUH RI WKH HQ]\PH DUH
NQRZQ
Table 3 *HQHUDO SURSHUWLHV RI 2FKUREDFWUXP DQWKURSL DPLGDVH
,QWUDFHOOXODU HQ]\PH
0ROHFXODU PDVV QDWLYH HQ]\PH    N'D
0ROHFXODU PDVV VXEXQLW  N'D >LQGLFDWLQJ D KRPRGLPHU@
,VRHOHFWULF SRLQW   
,QKLELWLRQ E\ ('7$ WR  DQG RSKHQDQWUROLQ WR 
>LQGLFDWLQJ D PHWDOORHQ]\PH@
5HDFWLYDWLRQ ZLWK =Q WR  0Q WR  DQG 0J WR   
S+ SURILOH  7HPSHUDWXUH SURILOH  &
1.7 The framework within which the research has been performed:
The IOP Catalysis Programme
7KH UHVHDUFK GHVFULEHG LQ WKLV WKHVLV KDV EHHQ SHUIRUPHG ZLWKLQ WKH IUDPHZRUN RI
WKH ,23 &DWDO\VLV 3URJUDPPH 7KH ,23 &DWDO\VLV LV RUJDQL]HG XQGHU WKH DXVSLFLHV RI WKH
0LQLVWU\ RI (FRQRPLF $IIDLUV DQG LWV SXUSRVH LV WR ILQDQFH ,QQRYDWLRQ 2ULHQWHG 5HVHDUFK
3URJUDPPHV 7KH UHVHDUFK SURMHFWV WKDW KDYH EHHQ DZDUGHG IXQGLQJ IURP WKH ,23 DOO
KDYH LQ FRPPRQ WKDW WKH\ KDYH WR KDYH D FOHDU REMHFWLYH PHHWLQJ WKH QHHGV RI LQGXVWU\
$V D UHVXOW RI WKLV WKH ,23
V DUH H[WHQGLQJ WKH FROODERUDWLRQV EHWZHHQ WKH UHVHDUFK
LQVWLWXWHV DQG WKH LQGXVWU\ 
5HVHDUFK LQ DQ ,23 SURMHFW LV DOZD\V GXH WR WKH PRUH ´DSSOLHGµ LQWHUHVW RI WKH
LQGXVWU\ PRUH DLPHG DW GHYHORSLQJ D PHDQV WR GR VRPHWKLQJ UDWKHU WKDQ RQO\ WKH
GHYHORSPHQW RI NQRZOHGJH 7KH DSSOLHG FKDUDFWHU RI WKH UHVHDUFK HQVXUHV WKDW IURP>D@

WKH VWDUW VHYHUDO UHVHDUFK URXWHV KDYH EHHQ ODLG RXW &DUH LV WDNHQ E\ WKH ,23 WKDW WKH
UHVHDUFKHU LV QRW OHG WRR IDU DVWUD\ LQWR IXQGDPHQWDO UHVHDUFK WKH REMHFWLYH LV DOZD\V
LQQRYDWLYH EXW DSSOLHG
7KH UHVXOW RI WKLV WLJKWHU OLQH RI UHVHDUFK ZLWK UHJDUG WR WKH ZRUN GHVFULEHG KHUH LV
WKDW ZH KDYH GRQH DOO RXU K\GURO\WLF HQ]\PDWLF UHDFWLRQV ZLWK WKH HQ]\PH V\VWHP DV LW
KDV EHHQ SURYLGHG WR XV E\ '60 5HVHDUFK IRU WKLV VSHFLILF SURMHFW RXU LQGXVWULDO
SDUWQHU LQ WKLV SURMHFW 7KH DPLGHV GHVFULEHG LQ &KDSWHU  FRXOG YHU\ ZHOO EH
K\GURO\VHG E\ D GLIIHUHQW PLFURRUJDQLVP RU HQ]\PH EXW WKDW ZRXOG EULQJ XV WRR IDU
IURP WKH SUHVHW REMHFWLYH
7KH UHDGHU RI WKLV WKHVLV KDV WR EHDU LQ PLQG WKDW WKLV ´PLVVLRQ RULHQWHG DSSURDFKµ
WDNHV TXLWH VRPH JHWWLQJ XVHG WR IRU WKH UHVHDUFKHU 0RVW 8QLYHUVLWLHV YLHZ WKHPVHOYHV
SULPDULO\ DV WHDFKLQJ DQG UHVHDUFK LQVWLWXWLRQV DQG WKH ZD\ PRVW SUREOHPV DUH WDFNOHG
LV IURP D IXQGDPHQWDO SRLQW RI YLHZ ZLWK WKH FUHDWLRQ RI QHZ NQRZOHGJH DV SULPDU\
JRDO
1.8 Aim of this thesis
7KLV WKHVLV DLPV WR GHVFULEH WKH GHYHORSPHQW RI DQ HQ]\PDWLF PHWKRG IRU WKH
SURGXFWLRQ RI HQDQWLRPHULFDOO\ SXUH αVXEVWLWXWHG FDUER[\OLF DFLGV DQG WKHLU
GHULYDWLYHV 6LPSOH QRQHQ]\PDWLF FDWDO\WLF PHWKRGV IRU WKH SURGXFWLRQ RI WKHVH DFLGV
DUH QRQH[LVWHQW ,QGXVWULDO SURGXFWLRQ UHOLHV KHDYLO\ RQ FODVVLFDO UHVROXWLRQ LQ ZKLFK
VWRLFKLRPHWULF DPRXQWV RI D FKLUDO EDVH LV XVHG $W '60 DQ HQ]\PDWLF PHWKRG KDV EHHQ
GHYHORSHG LQ ZKLFK LQ ZDWHU DW URRP WHPSHUDWXUH XQGHU PLOG FRQGLWLRQV DQ
HQDQWLRPHULFDOO\ SXUH DFLG FDQ EH SURGXFHG ZLWK UDFHPL]DWLRQ DQG UHXVH RI WKH
XQZDQWHG LVRPHU (VSHFLDOO\ WKH PLOG UHDFWLRQ FRQGLWLRQV DQG WKH SURGXFWLRQ RI YHU\
IHZ VLGH SURGXFWV HYHQ LQRUJDQLF VDOW FDQ JLYH SUREOHPV  LV YHU\ DSSHDOLQJ
6R WR H[SDQG IXUWKHU WKH HQ]\PDWLF SURGXFWLRQ PHWKRGV WKDW DUH DOUHDG\ LQ XVH WKH
SRVVLELOLWLHV RI D QHZO\ GLVFRYHUHG DPLGDVH HQ]\PH IURP 2FKUREDFWUXP DQWKURSL KDYH
EHHQ H[DPLQHG
,Q WKLV HQG D JUHDW QXPEHU RI SRVVLEOH VXEVWUDWHV KDYH EHHQ V\QWKHVL]HG DQG
VXEMHFWHG WR DQ HQ]\PDWLF K\GURO\VLV WR WU\ WR JDLQ LQVLJKW LQWR WKH PRGH RI DFWLRQ RI WKH
HQ]\PH

 / 3DVWHXU $QQ &KLP HW 3K\V   1848
 ( )LVFKHU %HU   1890 %HU   1894 6\QWKHVHQ LQ GHU
=XFNHUJUXSSH , 	 ,,
 60 5REHUWV 3UHSDUDWLYH %LRWUDQVIRUPDWLRQV :LOH\ 1995
1.9 Survey of this thesis
,Q &KDSWHU 2QH EDVLF HQ]\PRORJ\ LV GLVFXVVHG 7KH WHFKQRORJ\ NQRZQ DQG DSSOLHG
DW '60 *HOHHQ LV UHYLHZHG DQG IURP WKDW ZH FDQ FRQFOXGH WKDW 2FKUREDFWUXP DQWKURSL
KDV JUHDW SRWHQWLDO
,Q &KDSWHU 7ZR WKH V\QWKHVLV RI PDQGHOLF DFLG GHULYDWLYHV LV GLVFXVVHG %LRV\QWKHWLF
SDWKZD\V WR PDQGHOLF DFLGV DUH VKRZQ ,W DSSHDUV WKDW WKHUH DUH YHU\ IHZ DPLGDVH
HQ]\PHV UHSRUWHG WKDW FDQ K\GURO\]H WKHVH K\GUR[\ DPLGHV WR WKH DFLG
&KDSWHU 7KUHH LV DQ HQWLUHO\ V\QWKHWLF FKDSWHU :H IRXQG D VDWLVIDFWRU\ V\QWKHWLF
PHWKRG WR SURGXFH PDQGHOLF DFLG DPLGHV (VWHULILFDWLRQ RI K\GUR[\ DFLGV ZDV NQRZQ
WR EH IDYRUHG E\ LQLWLDO UHDFWLRQ ZLWK DFHWRQH WR WKH DFHWRQLGH )XUWKHU H[SDQVLRQ RI WKLV
V\QWKHWLF PHWKRG WR WKH DSSOLFDWLRQ RI DPLQHV LV GHVFULEHG *LYLQJ JRRG \LHOGV RI DPLGHV
DQG EHLQJ D YHU\ IDVW UHDFWLRQ VHTXHQFH ZH ILQG WKDW WKLV SURWHFWLRQDFWLYDWLRQ VFKHPH
LV H[WUHPHO\ XVHIXO
&KDSWHU )RXU GHDOV ZLWK VHYHUDO FODVVHV RI FRPSRXQGV WKDW VRPHKRZ DUH QR
VXEVWUDWHV IRU WKH DPLGDVH HQ]\PH ZH HPSOR\ 6WXG\ RI WKH SK\VLFDO SURSHUWLHV RI WKHVH
FRPSRXQGV JLYHV LQVLJKW LQWR WKH UHTXLUHPHQWV WKDW D PROHFXOH KDV WR PHHW WR PDNH LW
D JRRG VXEVWUDWH
&KDSWHU )LYH LV FRQFHUQHG ZLWK WKH WHFKQRORJ\ QHHGHG WR SHUIRUP WKH HQ]\PDWLF
UHDFWLRQV :H IRXQG WKDW WKH FUXGH FHOO VXVSHQVLRQ FDQ EH XVHG LQ RUJDQLF VROYHQWV
KLJK OHYHOV RI RUJDQLF VROYHQWV KDYH QRW WKH GHWULPHQWDO HIIHFW RQ WKH K\GURO\WLF DFWLYLW\
DV PD\ LQLWLDOO\ EH H[SHFWHG $ JRRG ZD\ RI LPPRELOL]DWLRQ KDV EHHQ IRXQG DQG WKH
LPPRELOL]HG HQ]\PH SUHSDUDWLRQ FDQ EH XVHG HLWKHU LQ ZDWHU RU LQ DQ RUJDQLF VROYHQW
7KH DGYDQWDJHV RI LPPRELOL]HG FHOOV LV WKH SRVVLEOH UHXVH RI FHOO VXVSHQVLRQ DQG WKH
HDVH RI ZRUNXS
)LQDOO\ D VXPPDU\ LQ 'XWFK LV JLYHQ LQ ZKLFK WKH FRPSOH[ FKHPLVWU\ DQG ELR
FKHPLVWU\ LV H[SODLQHG LQ OD\PDQ·V WHUPV IROORZHG E\ D VXPPDU\ LQ (QJOLVK WKDW LV
ZULWWHQ IRU SHRSOH ZKR KDYH D ZRUNLQJ NQRZOHGJH RI FKHPLVWU\
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